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1 NTRODUCT I ON 

Psychotomimetic and hallucinogenic drugs exert their effects in man and 

animals for periods ranging from a few to many hours (Lear et al. 1959; 

Rothlin 1957). The biochemical basis o f  these effects has been sought in 

the case of lysergic acid diethyl amide (LSD) in complex metabolic inter- 

relations between it and certain amines, particularly 5-hydroxytryptamine 

(serotonin), by Brodie and his colleagues (Brodie, Pletscher and Shore 

Shore, Silver and Brodie 1955). It has long been recognized, however, that 

other more subtle mechanisms might also be involved, since the usual 

behavioral symptoms and electrophysiological effects fail to appear when the 

doses are repeated at intervals shorter than a few weeks (Adey, Bell and 

Dennis 

agents having no close structural interrelations (Balistrieri and Fontinari 

1959; Jarvik and 5horover 1960). 

1955; 

1962), and cross-habituation has been reported between hallucinogenic 

Evaluation of EEG changes in the acute phase of drug action has 

implicated deep structures of the temporal lobe, and particularly the 

hippocampal system, for both psychotomimetic agents, such 2 s  cycloh2xamine 

derivatives (Adey 2nd 3unlop 1360)~  Etnd ?or ha1 lccinogGnic ayv'is, such 3s 

LSD and its derivatives, in both cat and monkey (Adey, Bell and Dennis 1962; 

Monroe and Heath 1961). Both types of drugs induced high amplitude, 

seizure-like wave discharges in hippocampal structures. In the cat, the 

abnormal wave trains irddced by LSD aFpeared in brief bi-rsts beginning and 

ending abruptly, particularly in conditions of reduced visual and auditory 

environmental stimuli. Their persistence in behavioral test situations 

was associated with a disruption of the learned performance. 

behavior was associated with the propagation of the abnormal hippocampal 

activity into a variety of subcortical centers (Adey, Bell and Dennis 

This defective 

1962). 

. 
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As a f i r s t  approach t o  the detection o f  subt le  but  consistent changes 

i n  patterns of EEG a c t i v i t y  over a per iod o f  many days fo l l ow ing  a s ing le  

dose o f  LSD, we have here examined the wave t r a i n s  accompanying performance 

o f  a learned d iscr iminat ive task, from t e s t  data recorded on days before, 

dur ing and fo l l ow ing  the drug. 

cha rac te r i s t i cs  o f  these wave t ra ins  by a v a r i e t y  o f  computing techniques, 

b 
? 

Our previous studies have examined the 

inc lud ing averaging, co r re la t i on ,  cross-spectral and phase modulation 

analyses (Adey, Dunlop and Hendrix 1960; Adey, Walter and Hendrix 1961; 

Adey and Walter 1963; Walter and Adey 1963). They have sought t o  

es tab l i sh  the p o s s i b i l i t y  o f  hidden pat terns i n  the apparent imprecision of 

the EEG, on the premise tha t  the s low,  graded wave processes c h a r a c t e r i s t i c  

o f  c o r t i c a l  t i ssue  might provide the basis f o r  a s ignal  system w i t h i n  

cerebral structures,  and perhaps re la te  t o  both t ransact ion and storage o f  

informat ion c h a r a c t e r i s t i c  o f  t h i s  t issue. 

METHODS 

Deta i led data are presented here from two animals, which formed p a r t  

o f  a ser ies o f  18 animals repeatedly exposed t o  LSD, ps i l ocyb in  and 

p s i l o c i n  (Adey, B e l l  and Dennis The l i m i t e d  number o f  animals 

analyzed i n  d e t a i l  may be j u s t i f i e d  on grounds o f  the extended t e s t i n g  

periods separating each dose o f  LSD. I n  t h i s  way, a very substant ia l  

basel ine was secured, and each animal served i n  many respects as i t s  own 

con t ro l .  

1962). 

Electrodes were ch ron ica l l y  implanted i n  the dorsal hippocampi, the 

adjacent entorhinal  (poster ior  pyri form) cortex, the amydaloid complex, 

the subthalamus, the r o s t r a l  midbrain r e t i c u l a r  formation. Screw electrodes 

were placed over the primary v isual  cortex.  Behavioral t r a i n i n g  was 



4 

performed i n  a modified T-maze, wi th  approach t o  food on the basis o f  a 

v isua l  cue. For ty  t e s t  runs wcre performed each day, and on!y those 

approaches were rewarded which were d i r e c t l y  t o  the s ide of the T-maze 

d isp lay ing  the v isua l  cue. A l l  drug tes ts  were conducted a f t e r  attainment 

of a s tab le  performance leve l  i n  excess of 90 per cent correct ,  and a t  a 

time when the animals might thus be regarded as over-trained. Solut ions o f  

LSD were prepared f reshly  for each experiment f rom c r y s t a l l i n e  rcater ia l  and 

administered by in t raper i tonea l  in jec t ion .  The doses were i n s u f f i c i e n t  t o  

impair performance capab i l i t y ,  even when tested 1 t o  2 hours a f t e r  drug 

admi n i s t r a t i  on. 

Primary records dur ing the experiment were recorded on a Grass 8 channel 

electroencephalograph. E l e c t r i c a l  gates f o r  the determination o f  epochs i n  

the behavioral t e s t  paradigm were a lso  used t o  i n i t i a t e  the averaging epoch 

of 2 .O seconds i n  an average response computer (Mnemotron CAT) . I n i  t i a t  ion 

of the averaging analysis was arranged t o  precede presentat ion o f  the 

behavioral t e s t  s i t u a t i o n  by 300 msec on each t r i a l .  Completion o f  the 

approach occupied approximately 1.2 seconds. 

was displayed on a char t  recorder a t  the end o f  20 and 40 approaches on 

each t e s t  day. 

cross-spectral computation required t h e i r  t rans fer  t o  an appropr iate 

d i q i t a l  form for presentat ion t o  an IBM 7094 computer i n  the adjacent Heal th 

Sciences Computing F a c i l i t y .  This d i g i t i z a t i o n  could be performed i n  any 

of three ways; manually by v isua l  examination o f  the record o f  the averaged 

output (Benson-Lehner OSCAR), by preparation o f  a punched card f i l e  f rom 

a numerical l i s t i n g  o f  the contents o f  each storage b i n  o f  the CAT computer 

a t  the completion o f  the averaging, o r  by preparat ion o f  a punched paper 

The output o f  the CAT computer 

Further analysis o f  these computed averages by auto- and 
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tape o f  t h i s  output s to re  i n  the CAT computer. 

f u r t h e r  processing o f  the paper tape t o  prepare a d i g i t a l  magnetic tape 

i n  IBM format. The techniques o f  cross-spectral analysis appl ied t o  these 

computed averages and the s ign i f icance at taching t o  t h e i r  i n te rp re ta t i on  

have been described elsewhere (Adey, Walter and Hendrix 

Wal t e r  1963; Walter 1963; Walter and Adey 1963) . 

The l a s t  technique required 

1961; Adey and 

RESULTS 

A f i xed  dose leve l  o f  LSD o f  70 t o  75Ng per kg was used i n  a l l  exper i -  

ments. Our previous studies had shown tha t  t h i s  dosage i n  the c a t  could be 

an t ic ipa ted  t o  produce b r i e f ,  h igh amplitude se i ru re - l i ke  bursts  i n  

hippocampal and subcor t ica l  leads i n  a qu ie t ,  dark environment f o r  a per iod 

of 2 t o  3 hours, but  t h a t  these would be minimal or absent i n  the animal 

a n t i c i p a t i n g  food reward i n  the tes t  s i t u a t i o n  (Adey, B e l l  and Dennis 

Moreover, in ter ference w i t h  task performance was minimal a t  t h i s  dosage. 

1962). 

The absence o f  c l e a r l y  d iscern ib le  e f f e c t s  on task performance i n  the 

per iod  1 t o  3 hours a f t e r  t h i s  dose o f  LSD was confirmed. 

records taken immediately p r i o r  t o  t e s t i n g  i n  the T-maze were compared f o r  

days before and a f t e r  LSD w i t h  those taken 1 t o  2 hours a f t e r  i n j e c t i o n  of 

LSD (Fig. 1 ) .  Careful v isua l  inspect ion as we l l  as auto- and cross-spectral  

analys is  o f  the res t i ng  records have f a i l e d  t o  reveal s i g n i f i c a n t  changes 

i n  hippocampal, subcor t ica l  o r  v isual  c o r t i c a l  leads which might be 

a t t r i b u t a b l e  t o  the drug. 

from the r i g h t  dorsal hippocampus dur ing d isc r im ina t ive  performance i n  the 

animal whose records appear i n  Fig .  1 were, however, considerably modified 

i n  the days fo l l ow ing  LSD. 

computed average o f  these wave t ra ins  associated w i t h  attainment of h igher 

Sampie "rest ing" 

As w i l l  be described below, the computed averages 

The gradual increase i n  the r e g u l a r i t y  of the 
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performance leve ls  dur ing t ra in ing  has been discussed i n  d e t a i l  elsewhere 

(Adey and Walter 1963), and appears t o  r e l a t e  t o  an increasing degree o f  

phase-locking o f  these wave t ra ins  t o  the moment o f  presentat ion o f  the 

stimulus, ra ther  than t o  such factors  as an increase i n  amplitude o f  the 

waves i n  the ind iv idua l  bursts. 

a. Ef fects i n  hippocampal records. 

Typical  records f rom the l e f t  dorsal  hippocampus (LDH) and r i g h t  dorsal 

hippocampus (RDH) i n  the course of  the d isc r im ina t ive  performance are shown 

i n  Fig. 2. i n  cont ro l  records s i x  days p r i o r  t o  rece iv ing  LSD (Fig. ZA), 

the r i g h t  dorsal hippocampal record showed a t yp i ca l  regu la r iza t ion  a t  abol;t 

5.5 c/sec i n  each o f  the 7 tes ts  shown dur ing approach t o  the food reward. 

By comparison, the records p r i o r  t o  commencement o f  the approach were 

essen t ia l l y  i r regu la r ,  w i t h  slower dominant frequencies i n  the range 2 t o  

3 c/sec. These records from the r i g h t  dorsal hippocampus are t y p i c a l  o f  

those obtained from the dendr i t i c  layer o f  the pyramidal c e l l s .  

the l e f t  s ide (LDH) were from a less op t ima l ly  placed recording dipole,  

and showed considerably less induced r e g u l a r i t y  dur ing the per iod of  

d isc r im ina t ive  approach. 

hours a f t e r  LSD (Fig. 28) and three days l a t e r  (Fig. 2C) suggested a modest 

increase i n  r e g u l a r i t y  i n  the l e f t  dorsal hippocampal lead, bu t  l i t t l e  e l se  

t o  d i s t i ngu ish  these records from the contro ls .  

Those from 

Simi lar  records dur ing the task performance two 

The computed averages from the r i g h t  dorsal hippocampus were markedly 

d i f f e r e n t  i n  comparisons of pre- and post-drug t r i a l s  (Fig. 3). 

e f fec ts  are v i s i b l e  i n  averages o f  both 20 and 40 t r i a l s .  

records (Fig. 3A), the regular average dur ing the approach t y p i c a l l y  rose 

i n  a gradual fashion to  a maximum over a per iod o f  500 t o  750 msec, 

These 

I n  cont ro l  
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invo lv ing 2 o r  3 waves o f  successively increasing amplitude. 

thereaf ter  i n  a r e l a t i v e l y  regular fashion. The envelope o f  the average 

exh ib i ted  a "spindle" shape. By contrast, s i m i l a r  averages on days a f t e r  

LSD (Fig. 3C)  were characterized by a greater amp1 i tude w i t h  the maximum 

occurr ing t y p i c a l l y  i n  the i n i t i a l  waves immediately fo l l ow ing  presentat ion 

o f  the s i t ua t i on ,  and w i t h  a slower and more regular decl ine than i n  con t ro l  

records. This modi f icat ion persisted f o r  5 days a f t e r  LSD, 2nd was fol lowed 

by reappearance of averages which resembled the contro ls  (Fig. 3C, lowest 

trace). 

I t decl ined 

As mentioned above, the l e f t  dorsal hippocampal lead exhib i ted 

r e l a t i v e l y  l i t t l e  theta rhythm i n  any contro l  records by comparison w i t h  a 

comparable lead from the r i g h t  hippocampus, due t o  minor discrepancies i n  

i t s  Placement ( h i s t o l o g i c a l l y  confirmed i n  zone CAI o f  Lorente de No', where 

theta a c t i v i t y  appears less we1 1 developed than i n  CA4).  LSD appeared t o  

induce increased rhythmic discharges i n  t h i s  lead on days a f t e r  the drug, 

an inference from the raw records amply confirmed by the computed averages 

o f  wave t r a i n s  during the d iscr iminat ive performance (Fig. 4). 

these modif icat ions resembled those i n  the r i g h t  hippocampus, w i t h  appear- 

ance o f  h igh amplitude phase-locked wave t r a i n s  i n  the average, and w i t h  

maximum amplitudes i n  the e a r l y  waves o f  the  t r a i n .  

two t o  three days a f t e r  LSD, and decayed t o  con t ro l  leve ls  a f t e r  5 t o  7 days. 

b. Late e f f e c t s  o f  LSD on computed averaqes from extrahippocampal s t ructures.  

Q u a l i t a t i v e l y ,  

This e f f e c t  was maximal 

Our previous studies have indicated that ,  as a concomitant t o  the 

h i g h l y  rhythmic hippocampal wave t ra ins  i n  the course o f  the d iscr iminat ive 

performance, there are s im i la r  t ra ins o f  waves i n  other c o r t i c a l  and 

subcor t ica l  structures,  including the midbrain r e t i c u l a r  formation and 
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entorh ina l  (poster ior  pyriform) cortex. There i s  a strong s i m i  l a r i t y  between 

the wave t r a i n s  i n  the hippocampus i t s e l f  and those i n  the entorhinal  cortex, 

bu t  f r o m  computed c o r r e l a t i o n  analyses t h i s  i d e n t i t y  of sustained rhythmic 

processes i s  much diminished i n  more remote structures,  such as the 

subthalamus, midbrain r e t i c u l a r  formation and primary sensory c o r t i c a l  area 

(Adey, Walter and Hendrix 1961). 

e f fec ts  o f  LSD on patterns o f  rhythmici ty i n  averages from t k  Pyri form 

cor tex and r e t i c u l a r  formation. 

For these reasons, we have examined the 

i) Poster ior  py r i f o rm (entorhinal) cortex.  6y comparison w i t h  the 

e f f e c t s  i n  the hippocampus i t s e l f ,  computed averages o f  wave t r a i n s  i n  the 

entorhinal  cortex as a r e s u l t  o f  the t h i r d  dose o f  LSD were less obviously 

modified (Fig. 5). 

the e a r l y  waves a t  the commencement of the d i sc r im ina t i ve  performance, b u t  

l i t t l e  evidence o f  a sustained increase i n  r e g u l a r i t y  i n  the l a t e r  par ts  o f  

the approach epoch. I t should be noted, nevertheless, t ha t  t h i s  increment 

i n  r e g u l a r i t y  was maximal 4 days a f t e r  dosage w i t h  LSD (Fig. 5, 10/22/62) 

and decl ined toward con t ro l  levels over the next 3 o r  4 days. 

There was an increase i n  the amplitude o f  the average i n  

ii) Midbrain r e t i c u l a r  formation. S imi lar  averages o f  a c t i v i t y  i n  the 

midbrain r e t i c u l a r  formation on the days before, dur ing and fo l l ow ing  the 

f i r s t  dose o f  LSD were a l so  examined (Fig. 5). These records were from the 

same animal as those for  the entorhinai cortex. 

Here, the average of 20 runs made 110 minutes a f t e r  LSD (Fig. 5B, 

7/31/62) showed only rapid, i r regular  low amp1 i tude components, although 

the primary EEG records a t  t h i s  time continued t o  e x h i b i t  large amplitude 

slow waves a t  the commencement o f  the approach performance (Fig. 6B), 

i nd i ca t i ng  that,  as discussed elsewhere (Adey and Walter 1963), these slow 



. 

9 

waves were i n s u f f i c i e n t l y  phase-locked t o  the moment o f  presentat ion o f  the 

t e s t  s i t u a t i o n  t o  appear i n  the computed average. This t rans ient  loss o f  

a rhythmic average as an acute e f f e c t  o f  the LSD contrasts sharply w i t h  the 

small but  regular wave t r a i n s  character iz ing the f i r s t  700 msec o f  the 

average o f  the approach epoch immediately p r i o r  t o  dosage w i t h  LSD (Fig. 5 B ,  

7/31/’62). 

runs, SO t ha t  d i r e c t  comparison wi th  the averages f o r  40 runs on the days 

before and a f t e r  LSD requires caution. However, the high amplitude waves 

character iz ing the e a r l y  approach epoch on the pre- and post-LSD days (Fig. 

5A and C) c losely  resemble the smaller waves o f  the contro l  record on the LSD 

t e s t  day, so t h a t  the essen t ia l l y  i r regu la r  average immediately fo l l ow ins  

the drug appeared t o  be a d i r e c t  consequence o f  i t s  e a r l y  act ion.  

Each o f  the two averages on the LSD t e s t  day were f o r  2G t e s t  

Only minor di f ferences were detected between the pre- and post-LSD 

averages i n  respect t o  the t r a i n  of  3 waves character iz ing the i n i t i a l  p a r t  

o f  the approach epoch. A modest increase occurred i n  the amp1 tude o f  the 

f i r s t  wave, and t h i s  was maximal 4 days a f t e r  LSD (Fig. 5C, 8/ /62). 

was a l so  a d i s t i n c t  increment fo l lowing LSD i n  the amplitude o f  the l a t e  

wave component o f  the average which appeared about 1.2 seconds a f t e r  

i n i t i a t i o n  o f  the approach. This l a t e  component remained i n  excess o f  i t s  

amplitude in con t ro l  averages f o r  a t  l eas t  12 days a f t e r  LSD. I t s  onset 

was essen t ia l l y  coincident w i t h  attainment o f  the food reward. 

completely absent from the average immediately fo l l ow ing  LSD, and gradual ly 

reached a maximum 4 days l a t e r  (Fig. 5C, 8/4/62). 

There 

It was 

I n  summary, the l a t e  e f fec ts  o f  LSD were less obvious i n  the py r i f o rm 

cor tex and midbrain r e t i c u l a r  formation than i n  the hippocampus i t s e l f .  

Those changes which could be detected fol lowed a s i m i l a r  time course t o  
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those i n  the hippocampus, maximizing about 4 days a f t e r  drug dosage, and 

tending t o  disappear a f t e r  7 t o  10 days. 

This study 

questions r e l a t  ng t o  the we1 

DISCUSS I ON 

t o  provide information on two important 

known behavioral tolerance fo l l ow ing  a s i n g l e  

dose of LSD and a l l i e d  substances. 

l a s t i n g  changes i n  EEG patterns which might be induced by a 5 ! , y l z  exposure 

t o  LSD, and t o  r e l a t e  the persistence o f  the observed changes t o  the time 

course of the tolerance fo l l ow ing  such a s ing le  dose. 

of the d i f f e r e n t i a l  s u s c e p t i b i l i t y  o f  c e r t a i n  temporai lobe systems t o  ISG 

and re la ted  hal lucinogenic agents (Adey, B e l l  and Dennis 1962; Monroe and 

Heath 

the cyclohexamine group (Adey and Dunlop 

of the magnitude and persistence of these changes i n  the hippocampus i t s e l f  

by comparison w i t h  l a s t i n g  changes i n  other regions, such as the r o s t r a l  

midbrain r e t i c u l a r  formation, w i th  which the hippocampal system i s  

F i r s t l y ,  we have attcJmpted tc detect 

1961), and t h e i r  s i m i l a r  susceptibi 1 i t y  t o  psychotomimetic agents o f  

1960), we have examined aspects ( 

subs tan t i a l l y  (Adey, Segundo and Liv ingston 1957). 

[Th i s  study has c l e a r l y  indicated tha t  a s ing le  dose o f  LSD can induce '. 
changes i n  the computed average of hippocampal theta t r a i n s  accompanying 

the d iscr iminat ive performance, and t h a t  these changes reach a maximum 

about 4 days a f t e r  the exposure. 

hippocampal average induced by LSD appears t o  dec l ine more rap id l y ,  

however, than the tolerance t o  a second dose, which,\ from our previous 

observations, 

Dennis 1962). I t i s  e n t i r e l y  possible t h a t  more subt le  e lect rophys io log ica l  

The increased r e g u l a r i t y  i n  the computed 

\ 

t o  l a s t  2 to  3 weeks i n  the c a t  (Adey, B e l l  and i \  
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technique used here can reveal w 

1 1  

to 7 days noted here. The averag 

th exquis 

ng 

te sensitivity the degree to 

which either theta wave trains or evoked transients accompanying the 

discriminative performance may show phase-locking to the presentation of 

successive behavioral tasks. This technique would not necessarily reveal 

subtle shifts in spectral content of these wave trains. Our attempts to 

disclose such small but even longer lasting effects with techniques of 

auto- and cross-spectral analysis are continuing but so far without success. 

Evidence has also come from this study of a differential susceptibility 

of different brain regions to long-term effects of LSD.) The sampling from 

different regions has necessarily been small, in view of the limited 

computing capability for simultaneous averaging from different brain 

regions, together with the need to compile sequential data from a single 

region over many days, and the necessarily long intervals between drug doses 

in a single animal. 

induced rhythmic modifications were best developed in the hippocampus 

itself and less obvious in the adjacent pyriform cortex. In the midbrain 

reticular formation, there was little effect on the rhythmic waves of the 

primary train immediately following task presentation. 

susceptibility to late effects of LSD thus appears to substantially mirror 

the acute changes following LSD, in which spontaneous seizure-like 

discharges make their first appearance in the hippocampal system and 

propagate in a dose-dependent fashion to the nucleus ventralis anterior, 

subthalamus and rostral midbrain reticular formation ;(Adey, Bel 1 and 

Dennis 

propagation of subcortical afterdischarges following electrically induced 

/ 
Nevertheless,[the findings strongly suggest that the 

The regional 

/ 

1962; Monroe and Heath 1961). A basically similar pattern of 
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hippocampal seizures was described i n  the monkey by Poggio, Walker and 

Andy (1956). 

The biochemical basis for  these prolonged e f f e c t s  rema ns elusive.  

I n  recent years much a t t e n t i o n  has been d i rected t o  the b i o  o g i c a l l y  a c t i v e  

amines as the substrate f o r  many o f  the e f f e c t s  o f  both t r a n q u i t l i z i n g  and 

ha1 lucinogenic substances. Brodie, Pletscher and Shore (1955) proposed 

t h a t  b r a i n  t issue normally contains 5-hydroxytryptamine (serotonin) i n  

bound form, and t h a t  i t  could funct ion as a neurohumoral agent in  b r a i n  

t issue. Brodie and Costa (1962) have reviewed more recent evidence on the 

funct ional  r o l e  o f  b r a i n  monoamines. Their  studies suggest t ha t  reserpine 

releases serotonin from t h i s  bound store, and t h a t  i t  may be rap id l y  

metabolized by the ac t i on  o f  monoamine oxidase. I t was found tha t  whereas 

reserpine f e l l  below detectable levels a f t e r  12 hours, i t s  sedative e f f e c t  

pers is ted f o r  more than 48 hours, and i t  was thus i n f e r r e d  t h a t  the sedative 

e f f e c t  re la ted  t o  changes i n  b ra in  serotonin concentration, ra ther  than t o  

the concentrat ion o f  reserpine. Attempts t o  r e l a t e  these changes t o  the 

e f f e c t s  o f  LSD remain doubtful,  although Shore, S i l v e r  and Brodie (1955) 

have reported an i n te rac t i on  between serotonin and LSD i n  the centra l  nervous 

system, w i t h  reduct ion o f  serotonin-induced sleep fo l l ow ing  hexobarbital 

anesthesia i n  the r a t .  The doses o f  LSD (10 mg/Kg) used by Shore e t  a l .  

transcended by a substant ia l  factor  the doses used in  the present study, 

which have been shown t o  be suf f ic ient  t o  induce prolonged tolerance i n  

the c a t  (Adey, B e l l  and Dennis 1962). 

Nevertheless, i t  appears that  the mode o f  ac t i on  o f  LSD i n  t h i s  respect 

may involve a t r i g g e r  e f fec t  i n  the removal o r  mod i f i ca t i on  o f  a substrate 

mater ia l .  This view i s  supported by the f i nd ings  of a cross-tolerance t o  
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substances not  c lose ly  re la ted  chemically, such as mescaline, LSD and BOL-148 

(Bal i s t r i e r i  and Font inar i  1959). Tolerance has been considered as the 

basis o f  mechanisms o f  psychoses (Abramson, Jarvik,  Gorin and K i r sh  1956; 

Cholden, Kurland and Savage A most s t r i k i n g  prolongat ion o f  e f fects  

o f  s i n g l e  doses o f  LSD has been described i n  f i s h ,  w i t h  perseverant and 

unrewarding motor behavior fo l lowing exposure t o  a so lu t i on  containing 

4 ~ g / m l  o f  LSD. 

tryptamine b u t  not antagonized by serotonin (Kel l e r  and Umbrei t 

When given reserpine (20&g/Kg f o r  3 days), the behavior returned t o  normal 

and remained normal. 

1955). 

This behavior lasted f o r  many weeks, and was p r o  onged by 

956). 

It would thus appear tha t  these manipulations w i t h  LSD and s i m i l a r  

substances may modify metabolic substrates which, i n  turn, are essent ia l  

t o  the normal patterns o f  EEG wave a c t i v i t y  accompanying focused a t t e n t i o n  

and d i sc r im ina t i ve  performance. 

d i s rup t i ve  t o  destroy d iscr iminat ive c a p a b i l i t y  (Adey and Dunlop 1960; 

Adey, B e l l  and Dennis 1962), more subt le  changes i n  EEG patterns can be 

detected by the techniques used here long a f t e r  the acute phase o f  drug 

act ion.  The question thus ar ises as t o  the r e l a t i o n  between the EEG wave 

process and the coding, and perhaps storage, o f  informat ion i n  cerebral 

systems (Adey and Walter 1963). Certainly,  no unequivocal answer i s  

possibie a t  t h i s  stage, b u t  a combined approach t o  the metabolic 

modif icat ions induced by such agents as LSD and the e lect rophys io log ica l  

concomitants o f  the behavioral changes which accompany them may o f f e r  

keys not only t o  coding o f  information i n  the cen t ra l  nervous system, but  

t o  the mechanisms underlying i t s  storage (Adey, Kado, D id io  and 

Schindler 1963). 

Although these e f f e c t s  can be s u f f i c i e n t l y  
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SUMMARY 

The e f fec ts  of LSD were studied i n  r e l a t i o n  t o  changes induced i n  

computed averages o f  epochs o f  EEG records during a d i sc r im ina t i ve  task 

performance. Data are presented from two cats i n  a ser ies o f  18 animals 

repeatedly exposed t o  LSD over a per iod o f  many months.) Computed averages 

were prepared from d a i l y  t r a i n i n g  tests  o f  20 and 40 t r i a l s .  

was given i n  s ing le doses by in t raper i toneal  i n j e c t i o n  a t  i n te rva l s  o f  3 

t o  6 weeks. 

LSD ( 7 5 ~ g / K g )  

\ 

\Computed averages o f  rhythmic hippocampal wave t r a i n s  during approach 

performance showed an increase i n  amplitude and r e g u l a r i t y  f o l l ow ing  LSD, 

t y p i c a l l y  i n  the i n i t i a l  waves immediately fo l l ow ing  presentat ion o f  the 

s i t u a t i o n .  This modi f icat ion was maximal 2 t o  3 days a f t e r  LSD, and 

decayed t o  contro l  leve ls  a f t e r  5 t o  7 days. S im i la r  analyses o f  records 

f rom the pos te r io r  pyr i form (entorh nal) cortex indicated an increment 

i n  the ea r l y  components o f  wave t r a  ns dur ing d iscr iminat ive performances, 

which a lso reached a maximum 2 t o  3 days a f t e r  LSD. Midbrain r e t i c u l a r  

a c t i v i t y  showed only minor changes on days fo l l ow ing  LSD, a lso  peaking 

about 4 days a f t e r  drug dosage. i 
t 
:These f ind ings ind icate pers is tent  e lect rophys io log ica l  e f f e c t s  o f  LSD 
L 

beyond the per iod o f  acute drug action. However, these changes ran a 

shorter course than the tolerance t o  LSD exhib i ted by man and animals. 

They showed a d i f f e r e n t i a l  d i s t r i b u t i o n  i n  d i f ferent  b r a i n  regions, w i t h  

maximal changes i n  the hippocampus, and smaller e f fects  i n  the entorhinal  

cor tex and the r o s t r a l  midbrain r e t i c u l a r  formation. This d i f f e r e n t i a l  

s u s c e p t i b i l i t y  o f  hippocampal t issue i s  discussed i n  r e l a t i o n  t o  a s i m i l a r  

s e n s i t i v i t y  t o  the acute e f fec ts  o f  both LSD and psychotomimetic 

cyclohexamines, and t o  the pat tern o f  propagation o f  hippocampal afterdischarges 
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LEGENDS TO FIGURES 

Fig .  1. Typical records i n  the "resting" s ta te  on days before LSD (A) , on 

day o f  LSD dosage (B) and days a f t e r  LSD (C) . 
a c t i v i t y  i n  hippocampal leads (LDH and RDH) and entorhinal  cor tex 

(L. ENT.) i s  we l l  developed, and there are no gross e f f e c t s  

a t t r i b u t a b l e  t o  the drug. Other abbreviat ions: R. SUBTHAL., 

r i g h t  subthalamus; L.MB.RF., l e f t  midbrain r e t i c u l a r  formation; 

R.VIS.CORT.,  r i g h t  v isual  cortex. 

I n  each case, theta 
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Fig. 2. Typical records from left and right dorsal hippocampi (LDH and 

RDH) in same cat as in Fig. 1 during approach to food reward. 

Typical regularization of theta wave trains occurred during 

each discriminative performance. 
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Fig.  3. Computed averages of epochs o f  r i g h t  hippocampal EEG records 

during approach performance on days before LSD (A), the day 

o f  LSD dosage (e), and days a f t e r  LSD (C) . The averages i n  

the l e f t  column are f o r  20 runs, and on the r i g h t  f o r  40. 

was an increase i n  the amplitude and r e g u l a r i t y  o f  the averages 

fol lowing LSD. 

and decl ined thereaf ter .  

There 

T h i s  maximized 3 days a f t e r  the drug (C, 2/1/63), 
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F ig .  4. Computed averages o f  epochs of l e f t  hippocampal EEG, covering 

same tes t  period as records from r i g h t  hippocampus shown i n  

Fig.  3 .  There was a marked increase i n  the amplitude and 

regular i ty  o f  the averages a f t e r  LSD, p a r t i c u l a r l y  on the 

t h i r d  and fourth days (C, 2/1/63, 2/2/63). 
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Fig. 5. Computed averages of midbrain reticular (left column) and 

enthorhinal cortical activity (right column), preceding (A), 

during (e) and following (C) a single dose of LSD. Each 

average was for 40 approaches. 
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Fig.  6 .  Sample EEG records from entorhinal cortex (L. ENT.) and midbrain 

r e t i c u l a r  formation (R .MB .RF .) during d i scr iminat i ve performance, 

showing control records one day before LSD (A) ,  90 minutes a f t e r  

LSD (e), and 4 days a f t e r  LSD (C) . 


